Aims-To evaluate the efficacy of biochemical parameters in different fluids in the diagnosis of myocardial infarction of different causes, analysed after death. Methods-The myoglobin concentration and total creatine kinase (CK) and creatine kinase MB isoenzyme (CK-MB) activities were measured in serum, pericardial fluid, and vitreous humour from seven diagnostic groups of cadavers classified according to the severity of myocardial ischaemia and cause of death. Lactate dehydrogenase (LDH) and myosin were measured only in serum and pericardial fluid, and cathepsin D only in pericardial fluid. Routine haematoxylin and eosin and acridine orange staining were used for microscopy studies of heart tissue. Results-In pericardial fluid there were substantial differences between the different groups with respect to CK, CK-MB, and LDH activities and myosin concentrations. The highest values were found in cases with morphological evidence of myocardial ischaemia. Conclusions-Biochemical parameters, which reach the pericardial fluid via passive diffusion and ultrafiltration due to a pressure gradient, were thus detectable in this fluid earlier than in serum in cases with myocardial ischaemia. These biochemical parameters may be of use for ruling out myocardial ischaemia in those controversial cases in which reliable morphological findings are lacking. (J7 Clin Pathol 1995;48:124-128) 
Cardiac disease is the most frequent cause of sudden death. One of the most difficult problems faced by the forensic scientist is to diagnose sudden death in subjects with acute cardiac processes that progress rapidly, with non-specific symptoms in many cases,l1 and lead to death without obvious morphological alterations. Moreover, the beginning of myocardial damage does not necessarily coincide with the appearance of symptoms, and therefore an asymptomatic period may ensue.
From a practical point of view, myocardial ischaemia may be extremely difficult to demonstrate in routine forensic studies, as evident structural alterations-which, as noted above, do not always occur-are the only unequivocal evidence for this process. Myocardial ischaemia remains macroscopically and microscopically undiagnosed when it is the result of acute and hyperacute processes in which tissue damage is reflected by the release of biochemical markers before structural lesions occur. 5 This means that when the period of evolution is brief, the morphological findings may be normal, but the values of biochemical markers will have changed. Several studies have demonstrated the efficacy of biochemical parameters in the postmortem diagnosis of myocardial necrosis.6-2
The use of biochemical parameters in postmortem diagnosis requires knowledge of changes caused by autolysis, a factor closely linked to the postmortem interval. Moreover, the distribution of these biochemical elements in different fluids of the cadaver depends on the origin and location of tissue damage. Several factors make pericardial fluid very useful for postmortem diagnoses: production of this fluid is a vital phenomenon; postmortem contamination from immediately adjacent tissues is limited; it lacks erythrocytes; pericardial and myocardial irrigations are shared;91314 and it is easily obtained from the cadaver. Thus, biochemical markers released in response to cardiac lesions may reach higher concentrations in the pericardial fluid than in the serum. The present study was designed to evaluate the efficacy of biochemical parameters in different postmortem fluids in the diagnosis of myocardial infarction. We compared the results of biochemical tests with morphological observations.
Methods
We studied 105 cases selected from routine necropsies performed in the Institute of Legal Medicine at the University of Coimbra. Mean age of the subjects was 61-63 + 2-21 years (SD 21-71 years, range 13 to 97 years). Pathological studies were carried out on heart tissue taken from ischaemic or necrotic zones (when present) and from eight zones of the heart, according to the protocol established by Saukko.'
Routine staining with haematoxylin and eosin was performed; some sections were also stained with acridine orange for fluorescence microscopy. Of the 105 cases, 71 Perez-Ctrceles, Osuna, Vieira, Martinez, Luna 0-0000 ropsies were performed sooner after the patient had died in a hospital or another centre than after sudden death in the home, when a long interval can ensue between the time of death and discovery of the body. Because biochemical markers reach the vitreous humour by simple diffusion from serum, the concentrations in the former depend on the persistence of markers in serum and their molecular weight. In the present study we found no significant differences between diagnostic subgroups with respect to the concentrations of some markers in serum, nor were there differences in these markers in the vitreous humour.
The highest concentrations of the markers in pericardial fluid were found in subjects with morphological evidence of myocardial ischaemia. This confirms one of our initial hypotheses: because biochemical markers reach the pericardial fluid via passive diffusion and ultrafiltration due to the pressure gradient,10 11 16 markers are detectable in this fluid before they are detectable in serum in subjects with myocardial ischaemia. Other factors are the release kinetics of myoglobin, the myosin heavy chain, and CK-MB. It takes at least one hour, '7-19 48 hours,20 and four to eight hours,'2 respectively, for these markers to become detectable in serum. Because of its large molecular weight, myosin is characterised by delayed release in contrast to other biochemical markers.
No significant differences in myoglobin concentrations were detected between the groups on analysis of variance. This may have been because myocardial ischaemia occurred concomitantly with agonal processes.2' A large increase in this protein may also have been the result of multiple injuries and general hypoxia.22 24In these processes the amount of myoglobin released by heart tissue appears to be elevated in pericardial fluid, whereas the myoglobin concentration in serum is elevated only after skeletal muscle injury. The lowest concentrations were found in subjects who died of natural, non-cardiac causes, a finding that confirms the negative predictive capacity of the myoglobin concentration.7 Any alterations related to agonal, or to general traumatic or non-traumatic, processes is reflected as an increase in the concentration of this protein.
Therefore, the concentration of myoglobin alone does not reliably distinguish between cardiac and skeletal muscle damage. Myosin concentrations increase in serum when death is due to myocardial injury, or following trauma involving massive destruction of skeletal muscle. The lowest concentrations ofmyosin are recorded after non-cardiac death, whereas the highest concentrations in pericardial fluid occur after sudden cardiac death. Thus, myosin concentration in pericardial fluid appears to be a suitable postmortem marker for the diagnosis of myocardial damage. This can be explained by the release kinetics of myosin, as noted above. We found no myosin in the vitreous humour, probably because of the large size and molecular weight of this protein.
Total CK and CK-MB isoenzyme activities in the different fluids investigated were compatible with the findings reported in earlier studies.8'-02526 Elevated concentrations of both markers were observed, with greater increases occurring in the pericardial fluid of subjects who died of heart related causes. The activity of CK-MB in pericardial fluid differed significantly between subjects in whom the cause of death was definite myocardial infarction and subjects with signs of cardiac disease but who died of violent causes. Other authors found that an increase in MB isoenzyme activities may occur after multiple injuries,8 10 27-32 or after intense cardiac resuscitation. 25 We concur with Lachica et al8 that the determination of CK-MB isoenzyme in pericardial fluid is helpful in routine practice, in cases where there is doubt as to whether death was non-violent and in cases in which myocardial infarction needs to be excluded. The significant correlation between LDH concentration in pericardial fluid and the postmortem interval (r=0-306) is consistent with the results ofLuna et al,33 who found an increase in the CK and LDH activities in pericardial fluid after death. These authors, however, noted that during the first 34 hours after death, the increase in enzymatic activity does not interfere with the diagnostic value of the analysis. Survival time and cause of death give rise to significant variations, which are not large enough to interfere with the diagnosis of the cause of death.
Stewart et al" measured CK, LDH, and their isoenzyme activities in pericardial fluid at necropsy to determine the efficacy of these values in postmortem studies of myocardial ischaemia. These authors established diagnostic categories based on the cause of death and the degree of cardiac change. They found raised cardiac enzyme activities in cases of cardiac compared with non-cardiac death. Enzyme activities were not statistically different between cardiac cases with and without histological evidence of infarction (occlusive coronary artery atheroma only). However, when all groups in the study were compared, the highest values were found in subjects who died violently, with intense agonal distress. This was in agreement with previous reports by Luna et al,910 who analysed pericardial fluid from 144 cadavers and found elevated CK and CK-MB activities in subjects who had died of myocardial infarction and who had a violent death.
Our results suggest that biochemical markers are useful in cases in which the diagnosis is made difficult by the non-specificity or lack of morphological data; these markers are also useful in ruling out myocardial ischaemia. Pericardial fluid is the sample material of choice for biochemical tests for the diagnosis of myocardial infarction after death.
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